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Cross section measurements for scattering of 4He and 160 ions from 114Cd were found consistent with a
zero static quadrupole moment of the 0.558 MeV 2% state.

Several experiments to measure the quadru-
pole moment of the first excited state of 114Cd
have been performed in the last few years [1-3]
utilizing the reorientation effect of Coulomb ex-
citation. For most practical purposes, the the-
oretical expression for the Coulomb excitation
probability can be written [4] as P = P1st (1 +
+aQ +...). Here Plst ig the first-order expres-
sion for the excitation probability, proportional
to the B(E2, I; —If). The function @ depends on
the experimental conditions and € is the static
quadrupole moment. The usual way of determin-
ing @ is by comparing P for projectiles of suf-
ficiently different mass or by measuring the an-
gular dependence of the excitation cross section
for a heavy projectile.

The sensitivity of the measurement to the value
of the quadrupole moment is rather low. For
160 on 114cd o Q is about 10% assuming a quadru-
pole moment of 0.8b. Therefore reorientation
measurements require very high experimental
accuracy, and in the past several techniques have
been used in order to achieve the required pre-
cision. The experimental techniques fall into two
categories: (a) particle - y coincidence measure-
ments and (b) direct inelastic cross-section
measurements using particle spectroscopy.

In the first method, the ratio of excitation
probabilities for two different projectiles is
measured. The B(E2) value can thus be elimi-
nated and the quadrupole moment deduced from
the experiment.

In the particle spectroscopy measurements,
the absolute value of the excitation probability is
determined. As can be seen from eq. (1), the
B(E2) plays an important role and must be deter-
mined to a very high precision, because of the
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Fig. 1. Spectrum of 9.5 MeV 4He ions scattered from
4cd at Oy, = 1359.

low sensitivity of expression (1) to @.

The two experiments performed to date using
the particle-spectroscopy method [2,3] give
rather similar values for the quadrupole moment
of 114Cd, but their B(E2) values differ by about
10%. The effect of the quadrupole moment on the
probability is also of the order of 10% and the
discrepancy between the two experiments is dis-
turbing. It was therefore decided to measure the
reorientation effect in 114Cd by comparing the
excitation probabilities obtained by bombarding
114¢d with 4He and 180 ions at different energies
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Fig. 2. Spectrum of 36.2 MeV 160 ions scattered from
114¢d at Glab = 1700,

and scattering angles. The technique has already
been applied for 70Ge and 76Ge [5].

Well-collimated beams were used to bombard
thin 114cd targets prepared from the enriched
(99.09%) isotope and deposited on thin (20 wg/cm2)
carbon foils. The target thickness was 15 ;Lg/cm2
for the 160 experiment and 80 ug/cm2 for the
4He experiment. The scattered particles were
detected in solid state surface barrier counters
which resolved the elastic and inelastic groups.
Examples of the spectra are shown in figs. 1 and
2. Detecting the scattered particles in solid state
counters has the advantage that no knowledge of
the charge distribution of the scattered beam is
necessary, in contrast with magnetic spectrom-
eter measurements. The deduction of the ex-
citation probability from the raw experimental
data is quite straightforward.

Table 1.
Experimental values of Rexp = d0ipelastic/ Aelastic, fOr

the 2% state in 114Cd at 0.558 MeV, measured with 4He
and 160 ions at different energies.

Projectile E «
(lab angle) (MeV) Reyp X 1000
4He 8.5 3.25 £ 0.06
(¢}
(1359 9.0 4.07 £ 0.07
95 5.71 + 0.13
9.75 6.51 = 0.20
10.0 7.23 £ 0.17
160 36.2 57.7%2.6
(1700)
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One disadvantage of this method is that elasti-
cally scattered ions from contaminants in the
target might coincide in energy with the inelastic
group and thus obscure the results. In the pres-
ent work, the most disturbing contaminants for
the 160 experiment were the lighter isotopes of
cadmium. Their abundances were taken from the
suppliers assay. In the 4He experiment a wide
range of energies was used and no elastic peak
from any contaminant could be detected in the
experiments.

The experimental data are compiled in table 1.
The data were analyzed with a multiple Coulomb
excitation code similar to the one written by de
Boer and Winther [6]. The nuclear levels and
the quadrupole operator matrix elements between

Table 2.

Resulting values for B(E2, 07 —2%) and the static qua-

drupole moment &,.4. The analysis has been done for

either choice of the relative sign of the matrix elements

given in the table. The errors include an estimate of the

uncertainties in subtracting the background in the
spectra.

Sign of
(1l | M@y |1e) /o] | m(E2) ||2)

. i
"
B(E2,0*—2%) 0.508<0.09 0.50940.08
(e2.0%)
@2+ 0.05 £0.27 021 +0.28
(e:b)

them were taken from ref. [2], leaving the matri-
ces (0| | M(E2)||2) and {2||M(E2)||2) as free param-
eters. The signs of the matrix elements
(L] | M(E2)| | Iy) relative to the sign of (0]| M(E2)||2)
are not known. This introduces a certain ambi-
guity into the results, and the data were analyzed
twice, for either choice of the relative sign of the
matrix element connecting the first and second

2+ states. -

The results are compiled in table 2. It can be
seen that the B(E2) value of 0.51 e?-52 is in very
good agreement with the one obtained by Stockstad
et al. [2] and in disagreement with the value of
ref. 3. The quadrupole moment which is deduced
from the data is rather small, and is certainly
consistent with the value zero, for either choice
of the relative sign of the matrix elements.

The authors wish to thank Professor G. Gold-
ring and Professor I. Talmi for.valuable dis-
cussions.
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